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Abstract 

Photonic technology has capability to fulfill increasing demand of 
the telecommunication services in the near future. The electronic 
header replacement in Optical Switches has been the main hitch 
in optimum use of this technology. Several efforts are being made 
to avoid the use of electronic header replacement and go for op- 
tical header replacement resulting into development of all-optical 
switches. In all kind of switches the header replacement is done 
before the actual switching. 

In this thesis, we conducted a survey on methods of optical 
header replacement. Further, as an innovative approach, we pro- 
pose the integration of header replacement and switching. For this 
purpose a method of header replacement based on two SOAs con- 
nected in parallel, and a WDM switch based on Fiber Optical Loop 
Memory (FOLM) has been considered. The proposed scheme leads 
to saving of an SOA for each channel, but the minimum delay of 
the packet in the switch increases. Using the computational models 
of different components of loop, the noise analysis of the proposed 
scheme is done. It leads to the conclusion that the proposed scheme 
can not be used efficiently for "S or more channels because in this 
case maximum o rotations are allowed in the loop. Also in case of 
different input powers to different channels at a time, the channel 
with least input power has lowest SNR and if this input power is 
too low then signal will have to be rejected due to low SNR. 
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Chapter 1 
Introduction 


In the lieai tul in e the demand hn various kind of telec oniumiueatum sei- 
yiees is l)()iin<I lo me lease These seivues have difioient. quahl\ lequiiement 
depending upon then natuie Tin 1 Idea to pi ovule them thiotigh a single 
netwoik is lesultmg into development ol Bioadband Infegiated Seivic t's Dig- 
ital Netwoik (BISDN) Mam leqimements toi BISDN aie wide bandwidth 
hif 2 .li s]>eed and last switching which aie diffu nit to meet with ele< t.iomc tech- 
nology. Phot onn technology has capability to fulfill these lequnements and 
piesenth lmmeious eHoits me being made to exploit it 

Optical libel has aheadv replaced cables as tiansiuission media toi the 
most of the long distance (Wide Aiea Netwoik (WAN)) as well as slant 
distance (Mc'tiopohtan Aiea Netwoik (MAN). Local Aiea Netwoik (LAN)) 
networks But at switching node's still the electronic technology is being 
list'd Optical to c'h'c tin al and eleetihal to optical t onvoixion at ultia high 
bit late (> 10 (!bpx) is difficult Theiefoie optical switching is attractive 
Use 1 ol opt it al switching will make it possible 1 to have 1 ultra high bit lates m, 
optical fibc'i thf'K’bv utilising the available capacity Hcnicc' a lot ol weak is 
bc'mg done* to devc'lo]) all-optical switching ten hiiiques. 
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1.1 Different Kind of Switching 


Then 1 aie thiec kind ol switching namely enciut switching. packet switching 
and message’ switching |1| The 1 tlmd one vi/ message’ switching can be pm 
with packet switching because the' messages aie geneiallv luokeu into small 
packets so that the bandwidth can be used effn lentlv 


1.1.1 Circuit Switching 

In tins sc heme t lit’ end to end physic al path is established between designated 
useis Tlic'ie aie tin oe* phases in this scheme’ The e ounce t phase m winch 
the* path is established the’ tiaffie phase’ m which payload data is sent and 
disconnect phase in winch the path is de-esl abhshed Hene dining tiaffic 
phase thc'ie ma\ be instants wlien no inhumation is being tiansnutted. These' 
instance's aic> known as dead tune As shown m Figtue 1 1 m this scheme’ 
the* call ic’(|uests ai t’ usually queued at a single sw’itcli contiollei When 
cpieue gc'ts hlh’d the nieommg calls aic> lost Thus it has a non/ero blocking 
piobabiht\ An example is POTS (Plain Old Telephone Sen ice's) 


Call requests 1 1 


call reciuest 
queue 




/ 


I 


overflow 
call blocked 


G 

Pott 1 


Call controller 


-o 


Port 2 


Figme 1 J Cnnut Switching 
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1.1.2 Packet Switching 

In packet switching inhumation to bo tiansmittocl is biokeu down into pac k- 
ots Each packet is piovuled with a hoadoi Each packet is iiidc'peiidenth 
tianspoitc'd to destination using the lnJoimation piovuled m the hoadoi 
The' liitc'iinc'diate nodes use the heaclei inloiination and switch the-' pac ket 
to appiopnate output Each link m packet switched netwoik mav be shaic'd 
acioss mam coucunc'iit connections connecting to diffeionl places Thus 
packet switching is not piotocol tiauspaic'iit while the' cncuit switching is 
Heic’ also packets aie c|uenc»cl up in bufic’is at each node Due to finite si/e 
of lmffc'i theie is alwvus a nonzoio piobaluhti of packet loss at each Imffei 
Packet switching is most suitable Icu BISDX, because' mfonnation horn chi- 
fc'ic'nt souk c-s c an be biokeu into pac kc'ts and transmitted This give's c'ffic unit 
utih/ation ol a\ailablc> bandwidth 


1.2 Asynchronous Transfer Mode (ATM) 

ATM is widc'h accc'ptc'd as a key component of BISDN It pi < nicies technical 
capability to handle 1 any kind of inhumation yoiee, yicleo, data and text in 
an liitegiated mannc'i It is a connection 01 lent eel fast packet switching loeh- 
nicpie The 1 mloi illation is oigamsc'd in fixed length packets < ailed cells wine h 
consists of a heaclei and usei inhumation field. The small cell si/e iodines 
the packet isat ion delay and also pi ovules high flexibility feu effect no use' of 
bandwidth Fuitliei the fixe'd < ('ll size ic'clucc's the switch design complexity 

l-l 

The tiansfc'i mode lisc'd in ATM netwoik is asynchronous mode' 1 e ATM 
use's asynclnonous tunc 1 division multiplexing Asvitc lnonous TDM aelnows 
high tlnough])Ut and c'ffic lcuicy bv statistic ally multiplc'xmg c ells belonging to 
clifieient connections. The basic tianspoit structure in ATM is sviicluonous 
Theioforo each link canic's the slots Thc'sc 1 slots ait 1 occupic'd by cells syn- 
chionouslv 
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Some aihaniages of ATM aie 


• 111 ATM thi'K' is no sepai ate signalling tliaiinel as lequncd in < n < ml 
s\vit< lied uetwoiks 

• Tins ])io\ nil's flexibility in a< < ommodation of ilivi'isr appln alums 

• Small liM'd size (i'll also makes it possible to eontiol tlebu loi delay 
sensilne seiyues 


1.2.1 ATM Cell Structure 

Ail ATM i ell lias bytes Of these 3 bytes aie used foi liendei and 48 bytes 
aieusedloi mloi mation payload |'3| Heailei i ontains many mloi mation fields 
based upon whit li tell is switched m netwoik 


5 hytcs 
Hcadei 

Figme 1 2 


C 


48 bytes 
Fay load 

i'll Stint tine 


1.2. 1.1 ATM Header Structure 

The design of i ell heailei m packet switi lung is mipoitant as it goyems 
i outing and switihing of packet in netwoik Smie switching m ATM has to 
be perfoimed m lowei lavi'is using hardwaie, ATM uses veiy sunpli' heailei 
design The stiuituie of ATM heailei is shown m Figuie 1 3 |3| 

Yanous held m \TM heailei aie as follows 

• Genera Flow (’ontiol (GFC) This is 4 bit field , present only at I'sei 
Netwoik Intel face (UNI) It is used to aibitiate usage belween multiple 
teimmals sliaimg the same physical lonneition 
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GFC or VPI VP1 


VPI VCI 


VC 

:i 

VCI 

PT CLP 

HEC 


Figuio 1 3 Hoadoi Stiuctuio 


3 

4 

5 


• Yntual Path Idont.ihoi (VPI) It tolls tlio vutual path numboi foi 
coll Yntual paths aio list'd to swit < h tlio < <'11 tlnough high lovt'l t loss 
< oiinot turns ‘It is 8 bit field at. Ust'i Netwoik Intel Luo and is int teased 
to 12 Inis at Xetwoik Xetwoik hit oi face (NNI) 

• Yntual ('haniit'l Ident.ifioi (YCI) ll pi ovules the* vnfual diamiol imin- 
lit'i ol (lit' coll A vutual path connect ion caiiios a lmndlo’ ol ono oi 
molt' Mitual (hannols 1 

• Pai load Tv]io (PT) This 3 bit hold is used to indicate tho gouoial t\ po 
of data in tho < oil Typical uses of this held aio t.o ldontih maintt'iiaiit o 
ct'lls congestion conditions oi (lit 1 last cell of a multi-cell message 

• Coll Loss Pnontv ( CLP ) It is a ono bit hold giving inhumation about 
coll loss pnontv '()' lepiesonts high priority and 'V lepiosonts low 
pnonti Colls \m t.h low pnontv (an be (hopped m < aso ol congc'stion 

• Hoadoi Finn Control (HEC) This 8 bit hold pi ovules a < heeksum ovoi 
tlu' (('11 hoadoi (but not including GFC if anv) using CRC codes It 
(an also coned one bit on oi HEC is also used to delineate tho tolls 
l o to identify the coll stait. and end m a synchronous stioam 


'See sot t lull 1 2 3 
LSoe hoc tion 1 2 3 
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1.2.2 ATM User to User Communication Model 


ATM cornice turn between two users consists of th(' users at tin' ('nd points 
and intermediate switching nodes (Figuie' J -t) |2| In t.lu 1 < onnc'c turn two 
c onsc'c ntivc 1 switching nodes aic' connecterl tlnough plnsieal link 


Usci 1 Usci 2 


ighei Level* 


Highei Level 

AAL 




AAL 

\TM 


ATM 


ATM 

Phvsieal 


Physical 

Physical 






Figmc' L 4 User to Uscn Communication Mcnlc'l 


1.2. 2.1 Physical layer 

The' physic al huei is subdivided into two sublayers nainc'lv Pin sic al Medium 
(PM) and Tiansmission Conveigenc e (TC) sublaveis Then functions aie as 
follows 

PM subbuei doc's thc> following 

• Bit transmission c apabihtv including bit alignment 

• Electucal to optical and optical to electrical (onvoisious 

• Line coding decoding 

TC 1 sublayer does the* following 

• Cell delineation to lecovei cell boundaiies 

• HEC generation and checking 

• Generation and lecoveiv of transmission flames 
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• Tiansnussion fiamo adoption 


The phvsu al Lnei ie< eives colls fiom ATM lavoi transmits them on plivsn al 
niodimn Siimlaih coll io<oivocl horn physical layei aio sent to ATM la\oi 

1. 2.2.2 ATM Layer 

ATM lavoi nit 01 lac es with phvsu al lavoi and ATM Adaptation Lavoi (AAL) 

It mtoiacts with physical lavoi tlnough a physical soivieo a< c c*ss point using 
the 1 loquost and indicate piimitivos hit cm action with AAL is tlnough ATM 
sc'i \ ic o acc oss point 

ATM lavc'i cloos the lollcnvmg 

• Coll hc'adoi gonoiation and extraction 

• Routing c oils using VCI and YPI hc'lcls 

• Coll mult iploxmg and domultiplc'xing 

• Flow contiol at the Usc'i Notwcnk Intoilaco (UNI). 

1.2. 2. 3 ATM Adoption Layer (AAL) 

This lavoi takes < aio <>I vanous kind ol sc'ivu os to bo offoiod In VI'M network 
Smc (' ATM notwcnk aio supposc'd to pi ovule* vanous land ol some c*s llic'ic* 
aic 1 cliffeiont kind of AALs foi suppoitmg each ol those sen vie os 

In oiclc’i to define AAL loqunenients soivieo classification has Ix'C'ii made' 
with respect to \anablo bit. iat('s, conuc'c lion mode's and timing lelationslups 
Fom cdassc's of soi vices A, B. C. D have* boon defined to suppoit different t\ pes 
of tiaffie This < lassific at, ion and tho ccmc'sponding AAL tvpos aio shown m 
Table 1 1 




Class A 

Class B 

Class C 

Class D | 

Time' ( onstiauit 

Requned 

Not lequued 

Bit Rate' 

Constant 

Yanablo j 

Conner turn Mode 1 

Connection Oncuited 

Connc'c tion less 

AAL Type 

AAL1 

A AIM 

AAL 3 

\ALl 4 


Table 1 J Classification of Sir vn c>s and AAL.s 


1.2.3 ATM virtual channels and paths 

In ATM not yy oiks tho connections ait' maintained 1a two ulc'iit lfii'i stiuc- 
tun's the Mitual diaimol ldontifioi and \utual j >atli ldontihoi They jointly 
identify each \ntual < nc mt on a link A vutual channel is a concept used 
to doscnbo unidnc'c tional tianspoit. of ATM rolls assoc lated In a common 
unique ldontilioi value'" (CCITT I 113) This unique ldontifioi is YCI which 
is \ahd in one 1 dues tic m A virtual Path is a c one opt used to dose nbe unidi- 
ic'c tional tianspoit of cells belonging to Mitual channels that ate* associated 
In a c ommoii ldontifioi value'" (CCITT I 1 13) This is YPI wine h is also \alnl 
m one 1 cluc'c (ion |4| 

Main Mitual channels hum a vutual path and mam vutual paths hum a 
transmission path (Figuie 1 o) A set of YC1 YPI yaluo identify the < oniplete 
c ounoetion bc't wc'i'ii some e and destination \Yhc'ii c c'lls me switc heel at nodi', 
the YCI and \"P1 values aie translated to a new values Thc> table of this 
mapping is mamtainc'd at oaeli switching node' bv the nc'twcuk management 
lime tron 

1.2.4 ATM switching 

As alieach mentionc'd an ATM switch changes the YCI YPI values of a 
cell header based upon l outing table and loutos it fiuthoi b\ switching it 
to appiopnato ] nut At a switch cntliei both YCI and YPI \ allies cn onh 
YPI values an* changed Concspondinglv there aie YC' and YP switches 
which change both YCI YPI cn onlv \ T P1 lcspc'ctrvelv They ai<> shown m 
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Figure 1 •"> ATM Tiansmission 


Figiue 16 It is important to note that (oils asstx latocl with a paitnulai 
YOI \TI \alue in a toll liendoi aio tianspoitod along the same path so that 
( oil soquoin (' is piosoivod |4| 

1.2.5 Header Replacement: 

In ATM switdi node a now hoadei is generated with now YCl YPI, CLP 
valuos at ATM layoi This is used to 1 opiate th(' old hoadi'i m tho <('11 
Th('i('rtft('i HEY is computed and placed in the hoadei m phvsn al lavoi 
Th('S(' fund ion aie peifoinied befoie tin* actual switdnng ])io((>ss Befoie 
tin' iopla( ('liioni of hoadei tho switdnng nodi' staits ktM-'pmg tin* tiack ol 
(dl till it is suit died to output poll This makes the switdnng do< lsion 
md('pend('nt ol now hoadei. 
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Figiuo 1 6 ATM Switch 


1.3 Objective of the Thesis 

In this woik .in cftoil has been made to investigate possibilih o{ integration 
ol optical header leplat emc'iit nn'clianism and optical switching Fen tins 
pm pose hist inhumation on optical lieadei i (‘placement lias been collected 
Then possilnlih ol integration of chffeient methods ol optic al lieadei leplaee- 
mc'iit with an o])1ual switch has been considered Fmallv foi the new switch 
an Inter tm c> computational noise analysis has been doin' 


1.4 Organisation of the Thesis 

Chaptei 2 tells \aiious issue's m switching It also gives an overview of opti- 
cal switching technologies Chapter 3 discusses vanous techniques of optical 
header leplacement It pioposes the 1 design fot mtegiation of lu'adcr replaie- 
liicmt and switching It fuithei discusses its pi os and cons Chapter -1 gi\es 
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mathematic al models of chffeient. components of looj) It also ji,i\ t' mathemat- 
k al fonnulal ion of uoist' analysis foi the loop Using computation insult the 
pt'ifoimani (' of loop with hc-vulei leplac cmcnt mechanism is gnen m < ha] c v i 
"i It is computed with the’ loop without lieadei leplac ement mc'c hanisni 



Chapter 2 

Switching Technologies 


At switching nude the YCI ATI value's aie lead hom the lieadei ol UKonnng 
< ell and outgoing link is detei mined hv a lookup table using A ’Cl ATI values 
The A ’Cl ATI \alues aie updated and t <T1 is switched to the outgoing link 
At a nv switching node one 01 both ldeutifiei (A’CI or ATI) aie changed 
depending on whethei it is a VC or AT switch The switching node' also 
allocates the A C and AT numbeis to am lonnec turn dining connection sot 
up Those A Cl ATI rallies aie enteied in uniting tabic' at the time’ ol call 
set ii]) and deleted at the tunc' of call teinnnation 

Design ol a switch is affoc tod bv vanous fac tens A few ol those aie given 
below fD] 

• The' bit rate ol tiafftc that flows tlnough the switch 

• Congestion 

• Decision of pneuitv of ccdls dining congc'stion 

• Buffeting 

A simple model of a switching node is shown m Figure 2 1 It consists of 
a switching fabiic piotoeol machine' and I 0 mteifaces. Switching faluic 
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does th(' switching of tolls fiom incoming links to outgoing links II is up 
to a Lugo oxl out a hanlwaie stun tuio Tlio I 0 mtoifaoo peihums pin sic al 
lex el pi opine ossmg and lioadoi foiination Tin 1 complete ( ontiol of sxritc lung 
lal)ii( and 1 () mteifaco is doin' bv piotoiol machine It maintains (omploto 
uniting table Depending upon the loquu eiuents the aic hito< tiuo of the 
switching fabuc mav bo of tluee kind Shaic'd Memoir an lilt oc tiuc, Shaic'd 
Medium aidntec lure' and Space Dcwision an lntc'c tiuo 

Snmlaih the buftoimg m switching fabuc mav be* of tlnoo kind Input 
Buflc'img ( )u1 ] ml Buffenng and Intermediate Buffonng Also modes of mes- 
sage 1 tiansfei nun be 1 of tlnoo kind . Time 1 Devision Multiple Ac c ess (TDMAj 
Wax ('length Doxision Multiple Accc'ss (WDMA) and Code Derision Multiple 1 
Access (CDMA) 


( ustomei lntci late # 1 



Figiuo 2 1 Swit.diiug Node 1 
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2.1 Architecture of Switching Fabric 

2.1.1 Shared Memory Architecture 

This .udutof tm<' ((insists of a single dual poit iiK'inoiv module shaied In all 
input and output polls Heie the uk oniing ( ells ai(' multiplexed into a single' 
stieani \uitten into the meinoiy. lead out demultiplexed and tiansmitted 
to the output lines The mam cliawbatk m this method is the menion a< c (>ss 
time to supiioit the both liKommg and outgoing tells 

The momon tail logit ally be oigamsed into full shaiing mode 01 paiti- 
tiomug mode In hist tase the entile memoir is shaied bv all output and 
input poits and an auivmg (ell is chopped only when the memoir is full In 
the set ond ( ase an uppei bound is imposed on the liumbei of < ('11s waiting m 
the queue ol eat h output poit and a (('11 is (hopped if this limit is l oat lied m 
a paiticulai queue oreii if then* is space' m the menion Full sliming pim ides 
a bettei (('11 loss piobability than the complete paititionmg. be< aust' of moio 
effe( t.ire utilisation ol memoir But this sdieme is not fair at times when a 
buist of (('Us ainro at a paiticulai output poit. ledueiug the space arailable 
and ('rentualh ( ausmg the seivue (h'giadatum foi ot.hoi poits A Upual 
shaied liK'inon switch is shown m Figute 2 2 


Shaied Memoiy 



Figme 2 2 Shaied Memoir Switdi 
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2.1.2 Shared Medium Architecture 


In tins aie Ini <'< I me the iii< oiiimg < ells aie multiplexed into a ( oinmoii medi- 
um tvpualh a Ims 01 a ling The medium speed is m general gieatei than 
01 equal to the sum of transmission lates of incoming links Heie a small 
FIFO (Fust m Fust Out) which has capacity to hold a few cells is used lo 
stole incoming c cTls until t hey access the- medium In this aic lutec turn the 
output, contention can not occur as two or more eells can nol arme at an 
output port simultaneously Howeyei the 1 annul late ol the c-c'lls may exc eed 
the link c apac it\ loi a slioit pcuiod of time Heme e output bufleis aie list'd to 
stole these < ells The chsadyantage of this aichitectuie is that as tlu> numbc'i 
of links and then spe't'd nit lease's, the medium speed become a e oust 1 amt 
Heme (' these switches can not be 11111 at high speed So this anhitectme is 
mostly used m small woik-gicmp switches 01 as switching element of laigei 
backbone switch A typical slimed medium switch is shown m Figure' 2 3 



2.1.3 Space Devision Architectures 

In these diehitcc tmes the* space dcwision c loss bar switclic's aie used as basic 
ele-menls Ih'ic’ each cell tiansfei lecpiirc's the establishment of a dedicated 
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physical path tluough the switch fiom me oming to outgoing links Multiple' 
cells fiom chHc’K’ut inputs can be tiaiisleiieel c 011c uneutlv on multiple' links 
Tlic'sc' switc lie's also allow the' contiol to be elistubutc'd within the> switch 
tht'ic'bv leelne mg the' < omplexitv Whole' of the' swite h is linple’mentc'cl using 
a single' Luge e toss bai switching element 01 many small cioss bai (dements 
foinnng bam an nc'twoik bate lic'i banvan netwoik 01 bnffeied banvan netwoik 
as the basic switching fabne Figuie 2 4 shows a typical space elevision swite h 
using a single' < loss bai switching element 

In space decision aiclntectuie both output contention and internal con- 
tention can oc c ui Output contention oc e ms wlieui mine than one c ells ainvo 
at ail output pent sunultaneouslv Internal contention oieuis when sonic' link 
bee omes < onimon to two paths To solve this pioblem lmffc'is an* used Then 
niav be plaeed within the cioss point 01 at the input pent In ease' the* swite h 
is mtemalh non-bloc king, output buffeung tail be list'd to lesolve' the output 
e ontention Ih'ie fniite buffei don't solve the 1 pioblem of output < (intention 
c ompleteh bee <mse' buffeus c an become full leading to chopping ol c ells Se>\- 
eial sc hemes wit h finite buffei size's have been suggested m which the pioblem 
of cell loss due 1 to path contention is takeui c aie of 



Output 
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Bar state 


Cross state 


Figme 2 4 Space' Decision Switch 
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2.2 Mode of Message Transfer 


Seieial tedimques have been developed fox multiplexing mam signals o\ei 
a single i>1ivsk .d diannel to pi ovule multiple at (ess to usoi Tlieie aie thiee 
\udelv ust'd multiple act ess techniques vi/ TDMA. WDMA and CDMA |1| 

2.2.1 Time Devision Multiple Access (TDMA) 

In tins st heme a single bit duiatiou is bioken up into small subinteivals whose 
numbei is equal to that of t onnections to be multiplexed Eat li tonnettion 
uses a fiat turn of bit mteival to send its own inhumation bit The st heme is 
shown in P'lgme 2 1 
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P iguio 2 “3 Time Devision Multiple At t ess Scheme 

2.2.2 Wavelength Devision Multiple Access (WDMA) 

In this sthenic each tonucetion is assigned diffeient waveltuiglh ovt'i w hit li 
its signal is modulated and send simultaneously At the letcivmg end the 
signals aie scpaiated bv the tunable oi fixed filtcis Spot ti uni loi WDMA 
SVSlt'lll is slit AMI 111 FlgUlt' 2 G 

2.2.3 Code Devision Multiple Access (CDMA) 

In tins st heme data to be transmitted is cut odod using codes Tht' < ode used 
ait' t boson to be oithogonal with each otliei Each of the tiansmitteis t an be 
assigned diffeient t odes The leeeivoi tan use a tonelater to find out wind) 
tiansnntter is 1 1 ansmittmg wliat, In oidei to maximise the peifoimant e of 
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Fillin' 2 G Wavelength Devision Multiple At toss St home 


t ode tlevision multiple access svstems. the autot on elation of all the totlcs 
should he a delta hint turn and t loss t (nidation between anv two < odes should 
1 >(' minimum (ideallv mo) 


2.3 Types of Buffering Schemes 

Tilt* buffei mg is uet'ded to lesolve tilt 1 < ontention Tlieie ait* (hiee majoi 
appi oat lies to pi ovule buffeting Input Buffeting, Output Buflenng and In- 
tel medial, e Bulleimg In all tilt* tlnee appi oaf lies the bufft'is t an lie sliaied oi 
non-shaied The input buffeted switfli has the advantage that the switthmg 
speed lequued is the saint 1 as the numbei of inputs whertMs it has disatl- 
lantage that the maximum available thioughput is 0 38G tint' to the head ol 
line blot king ph('nomenon [2| Output buffei switch has a thioughput ol 1 0 
but but the sw it thing speed l equat'd is ol the oidei of the squaie of numbei 
of inputs |2| I lit f'i mediate buffcimg tiies to take the best of both but as a 
l ('suit is nioit' < t implex So it is larelv used 

In tlit' t ase ol non-shaied buffei scheme the advantage is that the < ontiol 
logit is simple and the batkplane intei face switching speed aie the h'ast but 
a seiums disathantage of this scheme is that the* effective buffei utilisation 
is giosslv l ('fluff'd and as a lesult the (ell loss piobabilitv pei unit buffei 
si/e me leases Thf' advantagf' of sliaied lmfff'i scheme is that the effective 
utilisation of buHei is maximum and as a insult the (ell loss piobabihti pci 
unit buffei si/e is less but a senous disadvantage is that the ( ontiol logu 
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becomes moie complex and the backplane switching speed becomes X time' 
the link data late foi a .V x .V switch |2| 


2.4 Survey of Optical Switches 

The* effoits loi development of optical switc lie's aie going on since 1 the 1 last 
decade Thc> lequnemont foi an optical switch will lie* svstem dependent but 
the following leatiues aie dc 1 , suable m all-optical switc hc>s |G| 

• Polaiisat ion Independent 

• Low c lossfalk 

• Low nisei t ion loss and even gam 

• Wa\ elength independence 

• Mult i-\\a\ elength operations 

• Bit late tianspaic'nc v 

• Fast switc lung 

• Simple' implementation 

• Sealabiht\ 

The 1 continuous c'ffoits have i (‘suited m sonic 1 geneial appioac lie's loi lealisa- 
1 1011 of optical switches Ft'w of tlic'se general appioac lies aie described litre 
Some of these ate suitable foi < noiut. switches and some foi packet switches 
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2.4.1 Directional Coupler 


It ( (insists of two ( ouplocl waveguides (Figme 2 7) They aie < haia< tense'd b\ 
then < ouplmg length and the bias voltage' oi e mient to achieve 1 a 7r jdiase shift 
in mteufeioinetei Thev lequue onlv small mele'x change 1 and < an theiefoie 
be 1 labile at eel eitliei wit.li ele'e tio-optu eamei depletion eu eauiei nije'ctiun 
wave'guiele Mam eluc'e tional eouph'is aie> cennbineel to make 1 a huge 1 swifeh 
Dneetional eouplei based monolitlucallv integrated laige swite lie's have 1 also 
bea'ii made 1 The biggest ehawbaek of the'se 1 switches is that tliew aie 1 polan- 
sation semsitne elite 1 to diffeuemt coupling lemgth feu TE anel TM mode's anel 
pohuisation sensitive 1 clee tio-optic effe'et The 1 eitheu ehawbae k is that the 
eontiol of e (milling lemgth is difficult diuiiig manufae tilling The limitation 
of penalisation sensitiveme'ss e an be oveneome ewem though it is difficult |Gj 



1" lgiu e 1 2 7 Seheunatu \’k'w oi a Dim tional Couplei 


2.4.2 Mach-Zehender Interferometer Switches 

Foi u'dhsmg Mach-Zelienidei mteife'iometiie swite h. the 1 2 x L V-junelion of 
Maeh-Ze'hende'i lntende'iome'teu aie K'plaeeal bv 2x2 inoele 1 eouph'is as shown 
m Figtue 1 2 8 

An impoit ant advantage of Mach-Zediender liiterfoiomotiie swite li as e eini- 
paied to the 1 dim tional coupler is the ge'onnd. inal separation of mode 1 cou- 
pling and phase 1 shifting legions Thus lieue 1 independent optimisation is pos- 
sible and swite h ean be easily made penalisation insensitive 1 MZI swite he's 
aie 1 well suited ioi high spemel applications In addition to 2x2 MZI swite li- 
es .V x .V MZI switches have 1 also bee-m K'alise'd elememstiatmg penalisation 
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lusensitne switching Hen* foi polansation msousitru'iiess llic 1 multi mode 
Intc'ifacc' (MMI) c oupleis aie used |6| 


Input 1 
Input 2 



3 dB Splitter — * 


‘ Output 1 

Output 2 


Figiue 2 8 Intc'giatc'd Optical Mac li-Zeliondci Inteifcu omotcu Space Switch 


2.4.3 Digital Optical Switches 

The' digital optical switch (DOS) (shown in Figiue 2 9) is basc’d on adiabatic 
mode evolution m contiast, to dnectional ccmplcus and Mach-Zc'hendc'i nit cm - 
leiometeis that use intei loience eflects |G| Oonsequc'iit lv polansation uisen- 
sitne operation c an be obtained foi DOS and it has huge optic al bandwidth 
m both TE and TM polansation It has digital lesponse The* switching 
of DOS can be obtained bv leveise oi foiwaicl bias operations m the p-i-ti 
hc'teiostiuc t in o Due to Y shape of puic t .1011 the DOS ac ts as a 3 (IB split tci 
wlic'ii no bias is applied and easily pi ovules broadcasting function which is 
needed m mam system applications Mam Digital Optical Switches can lie* 
c mnbined to make 1 a huge switch Foi example a 4 x 4 switching matnx ha\e 
been lepoited m a stnet.lv non-blocking tiee an lntee ture with 24 DOS |0| 

2.4.4 Active Space Switches 

Heie the gam modulatois e g Semieonduc ten Optical Ampliheis (SOAs) aie 
used foi space switching applications. Most often the tiee stnictiuo is used 
An c'xainple is given m Figiue 2.19 Hc-'ic' a fully connc'ctc'd shuffle' netwoik 
between input and output pent is leahsed using adequate powei splitteis 
and (oinbmeis Each c onnec ting path can be switched cm oi off using the 
c on esponding SOA Then'fore N 2 SOAs aie lequned Such a switching ma- 
tnx mhc'K’iilh genc'iates the splitting lossc's that can be nnpoitant for huge 1 
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switch anavs To compensate foi the losses additional boostci amplifiers 
<an bo iii( ludod with tho diawbaek of noise accumulation |6| 

2.4.5 Switch based on Fiber Delay Lines 

Tins switch idles on dynamic wavelength encoding and multiplexing loi fast 
switching of cells [7| The 1 scheme is shown m Figiue 1 11 Here the n-mput 
n-output switching mat.nx consists of foui functional block 

1 The 1 c ell one oclei block, me oi pointing n fast tunable optic al wavelength 
conveiteis which assign wavelength to c>ach c ell eonospondnig to its 
taiget output 

2 The 1 time-switching and buffeting block consisting of nm fast optical 
gate's which aie used bv each of the wavelength conveitei to access 
all the- m wavelength devision multiplexed opeiat.ed hbc'i clc'lav line's 
These’ fibci clc'lav line have mei easing lc'ugths fiom 0x1 to (m — 1 ) x T 
wlic'ic' T is the coll period 
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SOA 



3 The warelength delimit lplexei block me hiding u bandpass filteis. each 
timed to a diffeient wavelength, thus defining the output addiess 

4 The ele< ttonie contiol blotk implementing the switching algoiillnn 

In this an lutes tiue in anv slot upto m cells can be duet ted to a output 
It moi e than in inputs contend foi a output, then sonic 1 of the 1 cells will lie 1 
chopped 

2.4.6 Switch Based on Fiber Optical Loop Memory 

Recently an optical switch based on fiber optical loop memoir (FOLM) has 
been proposed 1 13] In this thesis WDM veisiou of this switch aiclntec tiue 
lias been c onsiderc'd The sc hematic is shown m Figuie 2 12 The fund lonmg 
of switch is as follows 

The Tunable 1 Wavelength Convertei (TWC) modulatc's t,hc> me oinmg pac k- 
ets into an available wavelength The 1 available 1 wavelength is dec ulecl In the 
contiollc'i and it ae toidingly adjusts the TWC 1 . All inputs aie combined In 
stai couplcu 
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Gaud Access Shuffle* Nctwoik 



| Tunable Wu\c*length Con\uu*i 

| J Optical Gate* 

\ZL] hhei Dclav I me 
j _1 H\ed Oplital hlliri 

|PI)J Photodclt’Uni 


Finnic' 2 11 Delay Line Switching Matiix 


In noimal c m must antes the packet is dnect.lv scut to mil put without 
stoinig it in F( )LM But sometimes when c ontention oc c ms i e two 01 moie 
than two < ells opt foi same output, only one of these is sent to output and 
otlieis aie modulated into different wavelengths and aie stoied m the FOLM 
They aie sent to out.put pent in next time slots In case all wavelengths in 
fibei loop aie m use. the cell is chopped Thus fibei loop is used loi c (intention 
lesolution In WDM 

The 1 fibei loop is made up of 3 (IB couplei. WDM delimit lplexei Semi- 
(onductoi Optical Amplifieis (SOA), WDM multiplexei and Eibiuni Doped 
Fibei Amphfiei (EDFA) Due to 3 dB coupler the packets which aie input 
t.o loop aie visible' to loop as well as to stai couplei at output Similarh the 
packet which completes legations m the loop is also visible to loop as well 
as to stai < ouplei at output SOAs are used as optical gates aud amplifiers 
When some' pait.uulai packet is passc'd out of switch by activating appiopu- 
ate Tunable Filt.ei (TF), the conespon cling SOA is tuiuc'd off m the same' 
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tunc slot and 1 1ms wiping out put ket fiom loop Tim EDFA also < ompensates 
t lifit'i ('lit losses foi example splitting loss 

2.4.7 Multidimensional Switch 

It aims at exploiting the wavelength domain foi < ontention lesolution to 
minimise the amount of optical buffe'i lequned m a multistage* svut dung 
netwoik aiiangement Its basic matnx is shown in Figiue 2 Id |7| In case* 
of contention the cells competing at the same time foi the* same output 
of a switching element aie conveited to m fic*e additional wa\ ('lengths and 
tiansnutted at the same time slot instead of being delavc'd m a buffei and 
them tiansnutted c onsequenth This is aclneu'd bv activating appiopnatelv 
the additional optical wavelength convent c>is on eaeli inlet Conseque'ntlv tin 1 
liumbc'i of lnteiual wavelengths of a switching elements must be extended 
being the pile e to pav foi avoiding the use* of the time domain 

2.4.8 Ultrafast Photonic ATM Switch based on Bit-interleave 
Multiplexing 

This switch is an upgiadation of a switch bast'd on c ell-mteu leave multi- 
plexing It is lmsc'd on bioaeleast and selec t netwoik and hem e e an handle' 
multicast switc lung [8| Its block diagiam is shown m Figure 2 14 

Heie the Input Module (IM) has a buffei and output contention l ('solution 
mechanism Optic al Bit-Intei leave Multiplexing module doe's bit, mte'ile'avmg 
with the help of ultia-shoit pulse's of Slioit Pulse Lasei Diode (SPLD) and 
intensity inodulaloi (M) Optical Cell Selection Module selec ts desneel cells 
on a slot-ln-slol basis 

In this Ohaptei wc 1 suiveved manv switching technique's In the next 
Chaptei we will be' looking at the' te'e hinques feu ioplacemi'iit of lieadei m 
optic al switc lies 
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Fillin' 2 I.i Th(' Multidimensional Switching Malux 


OBMUX 



IM Input Module 

^PLD Shoi t Pulse Lat>ei Diode 

OBMUX Optical Bit-Interlenve Multiplexing Module 

OCSM optical cell Selection Module 

M Intensity Modulatoi 

I CRM Electronic Contention Resolution Module 

Figuie 2 L 1 Block Diagiam of Photouu ATM Switch Aidiitectme 
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Chapter 3 


Header Replacement in Optical 
Switching 

3.1 Introduction 

At piesent the 1km(1('1 leplac eiiiout m optic al switches is < allied out elec 1 ion- 
ic alh In this ini') hod hist the optical headei is ccmvc'itc'd into electiomc 
foim then it is changed and again conceited back into optical hum 

Recently feu attempts have been made foi all-optical headei leplacement 
ic headei is legenciated and 1 ('plated without conceiting into elec tionic 
hum Sonic' of those methods aie desenbed m this Chaptei 


3.2 Optical Header Replacement 

3.2.1 Method I : Header Replacement using Continuous 
Wave 

In tins method |9| the 1 coll hniimt used is shown m Figiue 3 1 It consists o{ 
ongiiial headei (OH) a time gap called guaicl band (Gl), continuous wa\e 
(C\V) period and the* pavload. The 1 guaicl band Gl separates the C\\ period 
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from flu* hc'ader to pioyide sufficient time foi header to he pioc esseel In 
( out 1 oiler 



CW 


Payload 


Fillin' > 1 Cell Stiu< tiue foi Header Replae einont 111 Method I 


Heie the scheme used foi the headei leplacemeut is shown m Figme j 2 
An electronic eontiollcr momtois the input tlnough a 10 (IB sphttcu and an 
optical to elec dual (O E) conveitc'i A fibei delay (aligiimcmt delay) is usc'd 
to set timing m the output packet Each of two SOAs. SOA1 and SOA2 
K'ceiyc's an entne copy of input, packc't yia 3 r IB fibei splitter Function of 
SOA2 is to modulate data onto the CW period to pioduce new header SOAl 
lernoyes oiigmal hc’adei. The' output of both SOAs aie icr ombincd by a 1 (IB 
fiber coupler to pioduce output packet 


Input 


alignment 

delav. 


SOA 1 


10 dB 
splillci 
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Figuie' 3 2 Scheme of Expel nncrital Headei Replacement m Mc'thod I 


Figuic 1 3 3 shows t.lie timing diagiani foi headei leplaccrnent The 1 elee- 
t ionic controller dc'tects packets and acc oidmgly controls SOAl and SOA2 
After CW period is detected, the controller stmts gating SOA2 with ne'w 
header infoi mation theieby modulating the light, in the CW period Alter 
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this umtiollei turns off SOA2 SOAl is turned on when guaid is detec ted 
on SOAl mid t min'd oil altcu payload 


a OH J 


01 


cw 


Payload 


NH 



CW 

N f 

Pu\ loud 


cw 

N 1 

Payload 

_ _ . A. 

cw 

Payload 




a input to SOA2 
h output ot SOA2 
c input to Si) A 1 
cl output ol SOAl 
c (mat output 


OH Old Hcudei 
NH New H cadet 
Gl Guai d Time 


Fillin' > 3 Timing Diagiam foi Headcu Replacement m Method I 


3.2.2 Method II : Simultaneous All-Optical Packet Head- 
er Replacement and Wavelength Shifting 

111 tills method |1()|. the wavelength shifting and lieadoi leplac oment is le- 
, disc'd simultaneously using tluee level modulation of a piobe lasei Hc'ie 
piobe lasc'i < lianges the heach'i bits onc'-hv-one effec tivelv The 1 scheme foi 
tins is shown m Figiue 3 4 It. lllustiates an me oming packet on X and its 
header bc'mg leplac c'd simultaneously When the' entne heaclei oi an liicliud- 
ual bit lequnes no change wavelength shifting is peifcumc'd by setting tlic> 
piobe input powc '1 to a middle lc'vc'l Whc'ii an individual bit lequnes change 
thc> piobe' input [>owei is ('lt.hc'i deeicvisc'd to a ’low' level . fencing a low 
piobe output powei oi increased to a 'high' level, fencing a high piobe- out- 
put powei Hoi e one- should be caieful foi the fact that wavelength shifting 
using ci oss gam compression invents the input bits. 
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Figme 3 4 Scheme foi Simultaneous Headei Replacement and Wavelength 
Slutting 


3.2.3 Method III : All-Optical Updating of Sub-carrier 
Encoded Packet Headers with Simultaneous Wave- 
length Conversion of Baseband Payload 

The blotk chagiani of this piocess is shown m Figme 3 3 |11| Heie hist ol 
all simultaneous suh-(aiuei modulated (SCM) headei suppiession and ware- 
length conveisum of baseband pavload is achieved due to low pass frequent r 
i espouse ol the eioss gain modulation m a semicondurtoi optical amplifier 
and then the' headei leplac emeiit is peifoimed bv optic allv l ('modulating t he 1 
wavelength com cited signal with a new headei at the onginal sub-cauiei 
fiequenc v 


3.2.4 Method IV : Header Replacement using a Long 
CW Region Generated Directly from the Packet 
Flag 

In tins method |12| continuous wave (CW) is generated horn packet flag It 
uisuies that there is no difference m wavelengths of new headei and input 
packet The 1 continuous wave fiom flag is generated bv hbei loop Once 
(W is created U is optically modulated with new hcvulei which is added to 
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New SCM Header 


Figure 3.5: Updating of Subcarrier Encoded Packet Header with Wavelength 
Conversion of Payload. 

payload of original packet. The schematic for this method is given in Figure 
3.6. 



Figure 3.0: Schematic for Header Replacement using CW Region Generated 
from Flag 


3.3 Proposed Integration of Header Replace- 
ment and Switching 

As an innovative approach the integration of header replacement and switch- 
ing has been proposed here. For this purpose the method of header replace- 
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meat (d(\s< libed m Sec turn 3 2 1) and the optical switch close libed in Sec turn 
2 4 {> have 1 boon used The integrated scheme is shown in Figuie 1 7 
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Mu\ 
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The above scheme* not onlv proposes a new concept of combining heaclei 
ic'plac eiiK'iit and switching but it also gives economical advantage' m tennis of 
saving of an SOA Jm each channel m compaiison to situation when' lieadei 
leplae enic'iit is st'paiated from switching At the same time' the e ost m tennis 
of contiol complexitv nicic'asc's Obvioush tlic'ie is one* limitation that even 
packc't would have' to make at least, one i citation in the loop while passing 
through the switch (foi lieadei icplac emc'iil to be c allied out). 

Hc'ic' one should note that, mtegiation of method III dosuibeel m Set tion 
3 2.3 with switc li clesc libcid m Section 3 3 is not possible* because- Suppiesseel 
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(Vunei Modulation (SCM) scheme is not being used m the switdi Siunlaih 
metliod II ( >1 headei 1 eplac einent (an not he mtegiatecl be< a use it does the 
wavelength shifting snnultaneouslv Also mam lasei some es would he needed 
which will ahvats lemam ON and hence would lead to senous loss of powei 
Th(' method IV ol headei replac ement, doc's not have these objections hut its 
use' in the' switc li will make the switch von complex due to pieseiue of C’W 
geneiatoi 111 the lic'adc'i i eplac ement mechanism which is icalised tluough 
fihc'i loops 

Following aie the mam featiue of the' inoposecl aidntec tuie 

1 The cell can he sent to an output onlv after headei 1 eplac ement is 
clone Hoik e thoie is no gam m temis ol time saving Also suit e hc'adei 
i eplac ement is done m each cell, it will have 1 to make at least one 
lot at ion m the loop 

2 Wo need to add clolav (Delav 2 in Figuio 3 7) just- aftei Tunable Wave- 
lc'ngt h (’onvc'itc'i (TWC) foi the tunc' lequned to compute' now headei 

•3 In tins aielntoc t me, significant powt'i is lost m the mc'diauism for hc'ad- 
ei i eplac ement which leads to laigei gam via SOA and EDFA m gen- 
eial Hence Amplified Spontaneous Emission (ASE) noise tiom SOA. 
and EDI- \ aie mote and thus noise m one iot.at.ion of cell is laigei m 
c ompaiison to the situation when headei l eplac ement mechanism is not 
used Thus allowed numboi of lotat.ions m loop would he lc'ss 

4 The' sum ol alignment delay and tune taken in the loop should he equal 
to the' length of the packet Since the alignment delay is equal to the' 
tune ol old header plus guaid ling (see Figmc 3 3), the' length of loop 
should he equal to length of r >3 bvtes (assuming the length of CW 
pen tod is equal to that ol headei). 
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3.4 Issues in the Proposed Architecture 

TIh’K 1 ail 1 t In (m* mum issue 1 m tin' pioposed an hit ('( tuie 


• Noisi' Analysis 

• Tinuiij* \nahsis 

• Eleeliomi Contiol Mechanism 

In tin' pH’si’iil. wink. the noisi’ analysis of pioposed aioliitei tme le loop 
with lieadei leplai eluent liieehanisni is done and (ompaied with loop without 
lieadei leplaiement lni’chanisin 



Chapter 4 

Computational Model of Loop 


4.1 Model for Coupler and Splitter 

A ( ouplei oi splitter < an he c onsidoiod as foui peat, devu e as shown m Figuto 
4 1 |1-1|. I wo of those polls are input, polls and two output poits Lot poit 
1 and 2 aio input poits tlmmgli winch pmvoi P\ and P> is scaid m the douce* 
tospe'e tivoh Lot poll 4 and 4 are the* output pints tlucmgh which powoi P\ 
and P\ is obtained 

Assume* P> = 0 thc'ii splitting loss (cv) foi peat 1 is defined as 


n = 10 log 


id 


(IB 


(4 1) 


P.i + Pi 

Some* of tin* optical powoi is lost while* going from input to output poits 
This loss is teamed as excess loss and is given by 


ci tern s low, = 10 log 


hi 


dB 


Pi + Pi 

Insc'ition loss is defined as sum of excess loss and splitting loss 


Insnhon loss = |,s phttuxj /o.ss| 4- e/rc.ss loss 


3G 



nisei f ton loss 


10 logm 



P, 

i 

? 2 ~ 

Fillin' 4 1 Couplei and Splittei as Fom Poit De\ i< e 

In tlu* saint' wav as abort' tilt' splitting loss, excess loss and mst'ition loss 
foi poit 2 tail lie defined Foi a 3 (IB couplei they aie assumed to be same 
loi (lie both polls Mostly tilt' ext ess loss foi couplei s and splitteis is 0 3 (IB 

4.2 Model for Multiplexer and Demultiplexer 

4.2.1 Multiplexer 

Mull lplexei is teahsed by c onnet ting 2x2 < oupleis m sue < ession Foi example 
a nmlliplext'i loi 8 inputs tan be lealised m tilt' inannei shown m Figuie 4 2 
Hc’ie each box lepiesents 3 dB couplei 

II is obvious that ll number of channels (inputs) is moie than 4 and less 
than oi equal (o 8 (hen 3 stages of < oupleis will have to be used. Heine 
we can sa\ dial if liunibei of channels is M then multiplexei loss foi each 
channel is 



Loss mu , = [log, M] d 

wheie \r) i ('presents the mtegei ]ust gieatei than l and d represents 
nisei lion loss loi a couplei If excess loss foi a 3 dB couplei is taken as 
0 r> dB then 
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.i = 3 w/B 



Figiuo 4 2 WDM Multiplexer 


4.2.2 Demultiplexer 

Demultiplexer is also rc»alis<*cl bv connecting 2x2 couplers m succession and 
using fill, <'is all ci (hern Foi example 1-8 demultiplexer is icaliscd m the 
maniK'i shown m Figiuo 4 3 

fleie too. if nunibei of (hannels (output) is mine than 4 and loss than oi 
equal to 8 I lien 3 stages of couplers will lie used Thus if nunibei of channels 
is M then demultiplexer loss for each channel is • 

Los.s = [log., -3/] -J + Lj 

whine i — 3 a (ID for 3 (IB coupler and Lj is filtoi loss. 

It is assuiiH'd that hlteis are ideal Hence L/ = 0 and crosstalk due 1 to 
filter is zero 
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F Filtei 

Figun* 4 3 WDM Demultiplexei 


4.3 Model for Semiconductor Optical Ampli- 
fiers 

The SOA is basically senne ondiu toi lasen winch opeiate below lasing thicsh- 
old HUc'clmal (*n<*ig\ is used to achieve the* population invasion m those* 
The* basic diflc'i <*iic o be'twe'en a laser and SOA is facets lefiect.ivity Icleal- 
lv SOA should have* zeio lefiec tivitv and foi a lasei it should bp one* foi a 
facet and less than one for otliei facet. SOA which has veiv low lefiectivitv 
is called tia\ cling wave amplific'i (TWA) since input signal passes though 
dc'VK c* gam ic'gion only once If facet lefiec tivitv is reasonable* but still quite* 
small then signal passes back and foi th though the < avit.v gam region main 
time's and the device* is c ailed Fabrv Pc-*iot, Amplifiei (FPA) |lo| 

4.3.1 Gain 

\ Tiaveling wa\e amplifier has anti-iefiee tion coating applied to its facets to 
induce t lie'll inline livitv In the limiting case*, an amplifiei with /oio lefiec - 
tivitv face*ts would be a traveling wave amplifie'i . with factoi G\/R\ R> equal 
to zeio. wlic'ie G is the single pass gam tluough the device* and R j and R, 
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aie the input and output facets lefioc tivitv of the amplifiei lespec tivelv In 
piac 1 1 < e liouem exon with the best anti-iefiec turn coating then* is some 
lesidual lai et ieflo< tivilv and the amphhei lies between tiax'clmg waxe am- 
phhei and labix-pnint amplifiei So an amplifiei is defined 1o lie tiaxelmg 
waxe amplifiei ll GsfBjT, < 0 17 Foi a TWA the &am is 1>\ |1")| 

G = Cr’o exp (- {G - 1) 

\ 1 «.«// 

wlu'ie 

G’o = U n*a, tin uteri (jam 
P m = Input pair ci level 
I\„i = Sal mat ion pouiei level 
G = Gam 

G u and l\ llt depend on amplifiei and biasing (ondition This equation is 
domed bom si each state analysis and ignores dynamic effects |i")| 

The contiast latio foi a Sennc onductoi Optical Amplifiei is defined by 

ft 

Conti as t JR a tio B, — — — - 

Gof I 

xvhoie G„n is the gam whc'n SOA lemains off Contiast latio is a hmte 
uumbei Ih’iiee G„ii is not ('xaetly zeio Thus when SOA lemains off a 
small amount ol signal is also passed tlnough it which is called ciosstalk and 
is tieated as noise 

4.3.2 Noise 

In semuondiK toi optical amplifiei when input signal is amplified, the 1 spon- 
taneous ('mission also ocuus This spontaneous emission gets amplified and 
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is t milt'd as \mphhed Spoilt, ancons Emission (ASE) noise It is modeled as 
white (uutssian noise with powei spectial density 

S-, it = n s/) {G — 1) }w watts j Hz 

So noise powei is given by JV S/J = ip„ ( G - 1) hnSB watt s 
when' 

t's/y = Spontaneous emission ftntoi 
G = Amplifier (jam 
h = Planch (on si a nl 
u = Ft ('quanta °1 input .sujnal 
A B = Optical Bandwidth 

4.4 Model for Erbium Doped Fiber Amplifier 

It is math' In doping the <oie offibei bv eiluum (a, laie eaitli element) Tin 1 
basic pniuipal of EDFA is also based oil the stimulated emission like SOA 
but oplnal pumping is list'd m place of elet final pumping foi population 
imeision Pumping pow r ei can lie mjetted m three wavs It mav b<> mjeited 
so that it nun propagate in the same duettion as the signal Alternative^ 
it mav lie injected m the opposite duet turn of signal The fibei nun bi' 
jminped bv injecting pump powei m foiwaid as well as ltueise dim turn 
foi high output powei amphfiei The signal amplification depends upon the 
population imorsion piohle along the fibei and also on the length of the fibei 
Foi optimum gam we will have to trade off between pump powei and length 
of fibei [ 1 T | 
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4.4.1 Gain 


In hilmuu I )< ijx’c I bihei Amphfiei (EDFA) theoptn al amplifn a turn is ai hiexed 
h\ tlu' pi o<ess ol si iitnilated ('mission as in SOA Foi the stimulated emission 
llie population imeision is lequuod in the lasing medium EDFA opeiates 
as tlnee lex el sxslem at room tempc'iatme II can he modeled as shown m 
l'lgiue I 1 


Pump level 

7K 


Uppei level 
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Elgin e 1 1 Three 1 Level Amplification 


loom Figuio 1 1 one <nn wnte |1()| 
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\ s - I'ppa level density 
n t , — ibsoiption c t oss .sett ion at u It 
(i, = Stimulated emission (ions sect ton at ns 

n„ ~ \bsin pi ion 1 1 oss section at u s 
n,, - Pump / / ecjneneij 
i\ — Si final /? cqncm y 
l t , — Pump beam intriis i ,1 ij 
/, - Si final beam intensity 
r 5 1 Lcecl 1 to level 3 d< <<uj time 
r> ■ -= Level 3 to lerel 2 dec aij time 
r> | — Level 2 to level 1 decay tune 

h - Planch constant 


ImuIIkm Nile equal urns for pump pmvei I\, (:. n,,) and the signal powei 
l\{ . i\) long / axis are given hv |17| 


'IMzLel _ „„)P„ 


(4 2) 


(I . 


(4 3) 


when 1 


~ /( = Absorption (ocf f foi pump poivcr 

Absorption roe f / for snjnal pown 
■= Emission eoeff foi sicjnal poivei 

Now loi unifoim pump distribution and constant ('ibmni < one cmtiatum 
profile and whom signal mode' piofilo expends only cm ladms. it c an be shown 
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A ifp (i' P ) 

-) i 1 

nth v 1 
/* 


(■■•">) = a iff, (w,) (i - 1/> 


w_/p; 



where 


7« (*-/'%) = M)tf„ (//*) (1 - //) 



(4 1) 

(4 7) 

(4 6) 


Po = Ei Inunt ( on< cnti at urn 
if = 77// cull old pump pawn 
ij = Ovnlap fatfm 


Midi I li<ii 


P! h = 7r7?n — 


a,,r 


'Uid 



whole /I’d is fil)(*r eoio ladius, u,\ is the pmvoi spot size of the signal mock’ 
and r - -j | 

Tims 1>\ substituting valuo of 7 , (~, v s ) and 7 ,, (: i\) liom e- 

quation 1 I 1 3 and 1.6 into equations i 2 and 4 3 wo got two dependent 
diddiontial o(|uatiou foi /’,(: v,,) and P s ( : . /a, ) wlutli can bo solved In 1111 - 
meii<al mot hod 1 to find valuo of i' /t ) and P A (t.// s ) at given \aluo ol 
/ 

1 lilt 1 nunii'i 1c.1l method used is Ruuga Kutta toiuth 01 (lei method [ 19 | 
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An important issue in above model is the absorption and emission cross 
section at different wavelengths. As such there is no formula for them. 
They are found experimentally. An experimental cross section around A = 
1.531 jum is shown in Figure 4.5. 



Wavelength (Jim) 

Figure 4.5: Experimental Cross Section around Wavelength A = 1.531 fim 

An engineering approximation to above can be made as following [17]: 

_ f 4.83 exp . 1-4 < A < 1.531 

a ‘ ~ \ 4.83kcj> (- i y§£) , 1.531 < A < 1.6 

f 8.1ezp(-<y§£), 1.4 <-A< 1.55 
\ 5.2m? {-<&$■) . 1-55 < A < 1.6 

These formula can be used to find value of <j p (u p ), a e (v s ) and o a (v s ) for 
equations 4.4, 4.5 and 4.6. 
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4.4.2 Noise 


Simil.u to that <>l SO \ in EDFA also ASE noise is generated The late 
('(Illation goieinmg ASE noise signal powei P HM , ('„.//,) is |17] 


,ir 


\si 

', 1 : 


I',) 


(:. /',) [P\sh (- ",) + Po] - 7« (- »,)P us/- (-• ( 4 7 ) 


whole / () i epi esent the equivalent input noise powei coiiespondiug to one 
photon pel mode in bandwidth \B 


P l) = hu i< \B ( 4 8) 

\SK noise is found by solving equation 4 7. with equation 4 2 and equa- 
tion 1 d using equation 1.8 


4.5 Model for Loop 

4.5.1 Fiber Loop Without Header Replacement Mech- 
anism 

'1 he Figure 2.12 shows the basic scheme Heie length of fibei plus EDFA 
should be equal to the length of one (.ell pound l e equal to o3 bvtes 
• When cell < u dilates in the loop, the following effects omu |18| 

• Loss takes place m the signal due to fibei. < ouplei, W DM deinultiplexei 
and Multiplexei m each iota turn Simultaneously signal is amplified 
due to SO V and EDFA gam 

. I)ui mg each rotation more' ASE noise due to SOA and EDFA is gen- 
eiated. Also t lit* ASE noise generated in eailiei lotations get amplified 
(due to gain of SOA and EDFA) as well as reduced (due to loss m fibei 
couplet WDM demultiplexer and multiplexer ) 
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if total uuuibei of lot a tious in the loop is X ancl the nuniboi of channels is 
\l tin'll above el lei is can be repiesonted m following niatheniatii al foini 
-Aftei n lh lolation output signal power P 0< „ (dBm) is given bv 

P„ i, — / n i — pog 2 3/] * 3-3 + G„ m n (A) — [log 2 M] * bo — 0 2 x / 
i G, ,//«.. (A) - 3.3 n >0 

whiue P „„~ 1 is output powei aftei (v — l) (/l rotation, seioucl term lepie- 
sents loss due to demultiplexer, third tenn is gain due to SOA. fouith teim 
is loss due to multiplexer, fifth teim is loss due to fiber, sixth term is gain 
due to EDFA and seventh term is loss due to couplei The P „ o is given bv 

Po , o = Pin ~ 3.3 n = 0 

In the above equations / (m km) is the length of fiber m loop. 

-ASE noise due to SOA. 

1 lie loniiibution of ASE noise power generated at n" 1 lotation aftei the 
V lotatious is given )>v 

AS li sou. n (A) -- AS£"„„ i( , (A) - [log -2 x 3.3 - 0 2 x l + (?,,</«,„ (A) - 3 o 
+ Y] {- [log 2 A/1 x 3.3 + 6\oa,/ (A) — flog 2 M | x 3 3 

irzn + l 

-0.2 X / + G, I (A) — 3.-)} 

where 1 SE'‘ ou „ (A) is the ASE noise geueiat.ed by SOA in the u"' lotatum 
Theiefcue total ASE noise due to SOA after N 11 ' rotation will be 

N 

ASE too (A) = E ASE, ,1,,, (A) mw 

i=i 

In till 1 above equation the summation is done aftei i (inverting ASE,,,,, , (A) 
into mw 

- ASE noise due to EDFA: 
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( out 1 1 1 >u t ion of ASK no iso ftonoiated in n th 


lotation, rifti'i tho .V lotatioihs 


IS jL*,l\ (Ml l)\ 


^ (-M ~ 3 o + {- il/] X 3 ") + G\„ tt , (A) 


/=;/+! 


[1 ( )^2 i\/] X 3.0 “02 X / +■ Grill a i (A) — 3 3} 


\vIkm(* ^ 1(i A»SE iioiso ftouoiatod b\ EDFA m tho n tfl 10 - 

Idtion. I hoi eloi c 1 ot ill ASE noise clue to EDFA aftei A T lotations is gnen 
b\ 


N 

.l.S7: ((// „(A) = £.4.<7£ fd/<M (A) one 

/=i 

In the above equation the summation is done aftei conveiting ASE ( ,if (l , (A) 
into imv 

In above < list nssion it should he noted that gam of SOA and EDFA depend 
on t lie part leular rotation simplv bet ause of the fact, that input pmvei to SOA 
and EDI* A depend on that paitieulai iot.at.iou 

\f t CM \ lot.lt KlllS 


rims 


Noise = ASE s0 „ (A) + ASE,. d f a (A) 


SNIi = 


^ 0/S l 


4.5.2 Fiber Loop With Header Replacement Mechanis- 
m 

The diagram foi t his is shown m Figure 3 7 The model for this loop is simplv 
an <>xt elision ol the model m Section 4 G 1 As mentioned m Set turn 3.4. the 
length of loop should lit' equal to the length of 33 bvtes 
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wiion lilt’ i i'll circulates m tlio loop, following effects occiu 

• Loss takes phue in the signal due to fibei, couplets. splitteis WDM 
delimit lplcxei and multiploxoi 111 each lotation Smmltaneoush gam 
also o< i in due to SOA and EDFA m each lotation 

• Dm mg I'aeli lotation. moie ASE noise due to SOA and EDFA as well as 
moi e eiosslalk noise, due to SOA (of headei replacement nic'clianism) is 
geneiated \lso the* ASE noise and ciosstalk noise generated m eailiei 
io( at ions gets ainplific'd (due to gam oi SOA and EDFA) as well as 
reduced (due to loss in hbei, rouplei. splittei WDM demultiplexei 
and lnultiplexer) 

( ’onsider the < omlnnc’d loss due to 10 (ID splittei and 3 (IB splittei of headei 
repine enieut mechanism See Figure 4 0 

10 dB 
Splittei 

Figure 1 (i: 10 (ID and 3 (ID Splittei combined 

Let powei be given though pent. 1 and no input powei at pint 2 then fm 
10 (ID splittei 




-10 log 10 


Pi 

Pi + Pi 


Pi 


10 

a 

9 


assume l\ ■ D\ + Pi ^ a — "To -- 
Feu 3 (ID splitter 
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- 10 log 


A 


A + Pu 
P; = 


3 

A 


■suin' P i \ P u =$■ P n = LI = '111 

So (ombined loss due to 10 dB split, tci and 3 dB splitt.oi 

P\ >0 

/fn.s 10 login — = 10 log,,, = 3 47 dB 

\ow if we eousnlei exiess loss (0 3 dB) of both splitter thou tombmed 
loss is gncn b\ 


loss ■= 3.47 + 2 x 0 3 = 4 47 dB 


Constdet the effect of rotation in the loop If total liuinlx'i of rotations 
m the loop is \ and the uuiiiIk'i of ( lianuols is M then the effe< t of rotation 
ol <ell m the loop can lx 1 l ('presented m following mathematx al foini 
- Alter n^'iotation output, signal powei 


P, ,n — P<ni i " -M] x 3 o — 4.47 + Cp„, ul (A) — 33— [logs A/] x 3 > 

0 4 • I (i ,(//«,» (A) 3 •>. n > 0 

whete P oll is t Lit' output power aftei n n ‘ lotation. second tenn lepiesi'nts 
loss due to \\ DM demultiplexer, thud tenn is combined loss of 10 dB split tei 
and 3 dB split t <'i*. fourth tenn is gam due 1 to SOA, fifth term is the loss chit' 
to 3 dli couplet ol headei l ('placement, met hanism. sixth tenn is loss due to 
WDM multiplexer, seventh tenn is loss due t.o fibei. eighth tenn is gam due 
to KI)F\ and ninth t.enn is loss due to 3 dB (ouplei of the loop 
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^ «,(! = Pm — 3 3 /; = o 


when' / ( 1 , 111 ) is the length of fiber m loop and P in and P OJ are m dBm 
- \Sh noise due |,o SOA 

\SK noise al'lei N lotations due to n"' lotation 


1.S7A 


(\) 


n (A) 3 o A/] x 3 3 — 0 2 x / + G „ (A) — 3 > + 

\ 

£ { ~ R°Ru A/] x 3 1 — 4 47 H- G s „„ , (A) - 1 3 — [logj .1/] x 3 3 

/ » M 

--() 2 x / + (/ nil o t /i (A) — 3 5} 


wheir • ,i 1S 1'lie original ASE noise generated due to SOA at the 

rotation in dBm. 

So total \SK noise due to SOA 


.1S7A„„(A) 


Eas-e s 

/=1 


I (A) 


/me 


In above ('<|imtion the summation is doin' aftei convex tmg ASE sllfll into 
mu . 

- \SK noise <lne to KDFA 
\SK noise altei X rotation due to n 11 ' lotation 


.\SP„,l„,,i (A) -■ ASIZ,/,,.,! W ~ 3 5 + £ {- flog, M] x 3 3 - 4 47 + G sm , (A) 

/=//+l 

—3 3 - flog^ M) x 3 .3 -0 2x1 + G, (A) - 3 3} 

when' . l.S7i" //(J „ (A) is the original ASE noise geneiated diu' to EDFA at 
the n lh lotation. 
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So toial \SK noise (lu(> to EDFA 


l.S /:,■,//„ (A) = AS E,. ,ii a ., (A) nuv 

In t he abme equation the summation is done aftei changing ASE , (A) 
m imv 

- Oiosstalk noise due to SOA m headei leplat ement liietliamsm 

In headei icplac ement mediamsm oik 1 of the two SOAs lcniams on at a 
time while otliei lemains ofl The signal passing the lespeetive SOAs expe- 
lienees the gam (!„„ 01 ( /„// Even dm mg off state the signal with gam G 0 j ; 
(-"which is (|itile small ) 2 passes through SOA, wlndi acts as < losstalk noise 
m oi lgmal signal passing thiough other SOA Note it is like noise because 1 the 
signal m one ol the arms containing SOA m headei leplac ement mechanism 
experiences some <lela,\. 

The elleeti\e crosstalk noise aftei N lotations foi the ciosstalk noise gen- 
eiated m ii 11 ' rot «d ion is 


("1 


sou n 


(A) 


( 7’",,, „ (A) - 3.5 - [logj M] x 3 o - 0 2 x / + G, (A) - 3 

+ E { “ ri‘>Ri X 3 •') - 4 47 + G\„„, (A) - 3 3 
/ 1 

- flog, M 1 x .3.5 - 0 2 x / + (A) -3 5} 


wlic're p 

( T",,, „ (A) = Pin, son, n ( X M X 

(A) is the input powei to SOA m the n ,h lotation 
So total < msstalk noise due to SOA 
-’Sec 1 Section I 3 
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mir 


A 

( , 'l\ im {\) = Y / CT s<w A'\) 

/= I 

In t,li<* al x )\ equation summation is done aftei conveitiuft CT s(m , (A) 
in imv 

Ihusaltei \ rotations 


A O/.sf lA/^sof/ (A) 4“ a (A) 4“ £ T(lt‘inm (A) + rT s „„ (A) 


Thus 


NY/? = 


A oist 


I’lus thaptei gives the mathoumtual humiliation loi the loop with and 
without headei leplnmnent mechanism Next chaptei gives the lesult of 
(omputiition based on lliese formulations 
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Chapter 5 


Results and Analysis 


In this chaptei the 1 ('suits <>1 peifonnanc (' analysis of the switch with liead- 
( i i leplareineiit mechanism (pioposed m Section 3 4) aie piesented Thc’se 
l ('.suits aie eonipavc'd with those loi the switch without headei leplac enient 
nieclianism (described in Section 2 4 C) The lesults aie basc'd on the com- 
putation model ttsinp, diffeient, coni])on('nts in the loop descnbc'd m Chaptei 
1. This stitch (ocuses on the* Signal to Noise Ratio (SNR) at the' output 
ol the optical loop of the switch Initially a veiy simplified foim of optical 
loo]) has bt'C'ii consideied which does not hav(> EDFA and loss due to WDM 
clc'tnult lplc'xc'i multiplexer and fibei aie neglected Latei the computational 
analysis ol loop is done considering all the components and them effects 


5.1 Broad Parameters of the Switch 

In this Sec turn some paiameters of switch which aie used m computation ait' 
preseut.ee l . 


> 
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5.1.1 Length of Loop 

In oi(l('i to Imd (lie length of the loop we need to know the following 


Dal a rate = 2 5 Gbps 
Payload size = 48 bytes 
Header size = 3 byte. s 

'I hole (he < ells which me to lie stoiecl in the fibei loop will be of 13 bvtes As 
,1 consequent e the length of loop should loirespoiul to 33 bvtes (explained 
in Set lion 3 1) Vssunnng the lefi active index of fibei as 1 3 tho loop length 
is (.3:} x 8) /’ (2 x 10 H )/(2 -3 x L()°) fa 34 meteis 

5.1.2 Wavelength Range 

The wa\ ('lengths used me between 1 52-3 firm to 1 333 firm The maximum 
number of channels can be 3 because the channel spacing should be at least 
2 mu 

\s descnbed in Section 1 3 1 the gam of ED FA is aucialh dependent on 
the absoiption and the emission eioss-sec tiou aiea of EDFA at pump and 
signal wa\ ('lengths It can be seen fiom Figuie 4 3 that the absoiption and 
the emission cross-sect iou area of' EDFA is approximately constant between 
the wavelengths 1.323 ////? to 1 .335 fim and is taken to be that at L 330 / mi 

5.1.3 Other Conditions 

While* doing computational analysis no effoit has been made' to limit the 1 
output powei level equal to that of input, power level It is assumed that 
pa< kc't s in the diHeient channels are input to loop simultaneouslv and taken 
out simultaneouslv 


5.2 Computation for the Switch when FOLM 
does not have EDFA 

I) is \ci\ simplified loim of the loop Ii is shown m Figuie 5 1 and 5 2 
Ileie losses due to Denmltiplcxei, Multiplex?! and fibei of loop ha\ o been 
neglected Onh gain ASE noise and < losstalk noise due to SOA lias been 
< otisideied This computation is consideied onlv foi a single dianuel The 
( omputatioii is done foi both cases le loop with and without lieadei le- 
])!<)( eimuit 



Figure a 1 Switch without. EFDA and lieadei leplac ement niedianism 

5.2.1 Specifications 

With lefeieiK e to the model of SOA desaibed m Section 4 2. the paiametei 
of SOA used aie the following 
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Without Hcadci Replacement Mechanism 


“•Input Powei = -10, -15. -20 dBm 


With Hcadci Replacement Mechanism 


,Inpui Powei = -10, -15, -20 dBm 
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Figme o .'5 Output power vs Input Powot for loop without EDFA and with 
oi without hcadci leplaeemont mechanism for cliff ei cut input powers 


loi diffeicnt input powcis altci few rotations It is due to the fact that 
dosstnlk noise solely depends on the input powei to SOA wludi betoim's 
same altei lew lotat.ions 

Eiguic "i (i shows that Signal to Noise Ratio (SNR) is considerably lowei 
[oi loop with licadei icpla< eniont mechanism Obviously it is due to moie 
noise gemmated foi loop with lieadei rt'plat ement mechanism Also foi loop 
with hcadei lephiceniemt mechanism, the SNR becomes approximately same 
lb) diflerent input poweis aftoi lew rotations. It is so because ciosstalk noise' 
is more prominent than ASE noise m this case* and becomes same' (Figure 
5 3) aftei few lot at ions 

Elgin e 3 7 shows that ASE noise is quite latge m c ase of less input powei 
Obviously it is due to the fact that at lower input powei the ASE noise from 
SOA is moi e Elgin e a 8 shows that SNR for lowei input powei is less than 
that foi Inghei input powei The same can also be concluded horn Figme 
r, 7 Figure' a 8 shows that SNR decreases faster with me lease 1 m numbei of 
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Elgin o .') 1 \Sh must 1 vs Numboi of Rotations foi loop without EDFA and 
with 01 without hoadoi leplamnout. niodianism fox diffeient input poweis 



Fig mo 5 ."). (’msstalk noise vs Number of Rotations fox loop without EDFA 
and with lieadei 1 eplat emcnt met liaiusm fox diffeient input poweis 


CO 






!• i^uir (i SNH vs Number of Rotations loi loop without EDFA and with 
01 without homier i (‘placement meclnmism loi different Input poweis 

lot at ions lot loop with headei leplatement mechanism 


5.3 Computation for the switch when FOLM 
lias all components 


The dinf>iam I'm this ease aie shown m Figme 2 12 and 3 i Hoio the fund 
computation has been doin' lor loop with and without headei replacement 
meclianisiu line loss due to Demultiplexei . Multiplexer and hbei of loop 
has been < ousideiod But the ciosstalk noise due to demultiplexer lias been 
neglected. Tin- «*un and ASE noise of EDFA has been c ousideiod 


5.3.1 Specifications 

Following tvpi< al values of various paramt'teis are used rn cornputatrou 


Cl 



ASE Noise ulBm i 



Imj’iuc 5.7 \Sh noise v,s. Input Powei toi loop without EDFA and with m 
without hendei leplaeement mechanism loi different lotations 



Figurt' 5 8 SNH vs. Input power foi loop without EDFA and with oi without 
hc'iulei rephu emeut meehanism for cliffeient input powei s 
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1 LossdiK In Dcmidtiplan = 3 5 x [log, A'] 1 

2 Ltmsdm lo M idtrplvin = 35 x [log,.Y] 

• ! Fibn /ess = 02 (ID pn km 

I i*:i)K\ 

a ) L< r< 1 1 lo lord 1 ti an si turn time r = 0 01 ,s 
l>) Modi i mini s = 2 5 x 10 -(l m 
c ) Spol .s i:< jc - 3 2 x JLO -0 m 
(1) D( mill/ = 2 0 x l() 21 pn m * 

<>) ,S' pool a neons cm ms/, cm noise J a< toi n sp = 15 

f) Pump pawn iravclnirjih \ v — 1 44 pm 

g) / npid pump pawn — 16 0 dBm 

l sing I he loi mulatiou as <l<'sail)pcl m Cliapt.ei 4. the icsults aie ( omputed 
In older lo analyse I, lie noise* generated within the switch the input ASE noise 
and crosstalk lor each channel is assumed to be zcAo Also initially the input 
powet to all channels is kept. same. In such cases the output powei ASE 
noise and eiosslalk noise' lot different, channels vaiy verv slightly 

5.3.2 Observations 

As the* inunbei of channels increases, the loss due to Demultiplexer and Mul- 
t lph'xei inc leasc-s significantly Aft,c>r excec'dmg a certain numbci of channels 
this loss is too much and can not be compensated with gam of SOA In 
the c ase of loop without, headei leplac emoiit mechanism such situation ans- 
es whc'ii the uuinbei of channels is moic' than foui Since loss in the loop 
willi header replac omout mechanism is nioic>, number of channels can not ex- 
c-c'chI two. Tiidei these cucumstanc es it is necessary to use the EDFA winch 
ultimately c nm pcusat.es the losses and moic' inunbei of channels can be usc-cl 

1 See Sec t loll 1 ‘2 
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I Ik* i (’suit of compulation has been piesented m the foun of giaplis 
[I(’i(> oulpul po\v(*i ASE'CT noise and SNR has been plotted vs nmnbei 
of lotations input pmvei and EDFA length Giaplis aie of two txpes. fust 
when input powei to all (hannels is sanu* and second when input poweis to 
all (hannels is dideient In fiist case theie aie three kinds of giaplis In fust 
kind output powei ASE CT noise and SNR has been plotted with 1 aspect 
to nmnbei of tot at ions In second kind the\ aie plotted with inspect to input 
powet and m thud kind with inspect to EDFA length 

5. 3. 2.1 When Input Power to all Channels is Same 

Cbfiphs Ironi Kigitie 5 <) to Figme o 32 an' undei this categon 
Output Power, ASE/CT Noise and SNR vs. Number of Rotations 
(itaplis (mm Figme o 9 to Figiue 5 14 aie of this kind Tin 1 obsei ration 
foi t lit* diffeient giaplis aie following 

Figme 3 9 shows the output powei level foi different input powei levels 
foi loop with and without, lieadei i ('placement medianism. It shows that 
aftei few lotations the output powei level leaches to the same level liiespec- 
tive of input pmvei 1('V(>1 This Output powei level is lowei foi loop with 
hendei lcplac eiueut mechanism than that foi loop without headei iepla< (*- 
nu'iit mechanism It is due to the fact. that, loss m the loop with headei 
lophiccnicnt mechanism is more Figure o 9 also shows that foi loop with 
headei replai cment mechanism if input, power level is —10 dBm then output 
power lex el is less than that Figiue 5 10 show's that ASE noise foi loop 
with headei replacement medianism is. m geneial, inoie than that foi loop 
wot hunt header replacement medianism. Also ASE noise is mine foi lowei 
input powei Foi —10 dBm input powei tin' ASE noise m initial few lota- 
tious is less foi loop with headei lcplac cment mechanism than that foi loop 
wulhout headei replacement mechanism The icason foi this is that foi loop 
with headei leplaeeinent mechanism the loss is large enough to suppress the 
ASK noise m initial lew* rotations After these few' lotations the ASE noise 


64 



"HM'Mtnl itsHf Ijhoiik's laigo Figure* 5 il shows that ASE noise* is lifou* 
tlmn nosstalk noise* ioi loop with headei K'plac ement mechanism which is 
< ontinn to ( oik lusion of Figmo 5.4 and Figiue o 5 It is clue to moie* loss m 
t lie* loop 
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|. , 1( ii 11 ,i <) ( )ut pul Power vs Number of Rotations foi loop \\ ltli and Vi it li- 
on! Headei Ifcplac ement, Men harrism foi different, input powers 
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Fittun* 3.12 shows that SNR for loop without header leplac ement mecha- 
nism is signific antlv more than that foi loop with header repUu ement mecha- 
nism At 1 he same t hue the SNR for loop with headei replacement met hamsm 
is not von low and with the criterion of minimum SNR to be- 10 dB. this 
loop < an be used to si ore 3 channels even for moie than 20 rotations 

iMRuro :> 13 shows that for 5 channels, the output powei levels axe quite 
low foi both kind of loops Also the output powei level decieases aftei each 
successive lotatious. It is sc. because the ASE noise generated m this case is 
significant h huge Figure IS L4 shows that the- SNR is also low ioi both loops 
and with the criterion described above the loop with header ^placement 
mechanism c an be used to store 5 packets oulv for 4 oi 3 rotations 
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Willi Hcadci Replacement Mechanism 
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l-iniin* .‘i.lii \SI'. must' powei vs nuinbei of rotations toi loops with and 
wit In nit lif.itlfi it'pliit t'liit'iit mechanism loi different, input, ptmcis 



Figure •“ 
for loop 


PH- \SK noise power and Ciosstalk noise vs Nuniliei of Rotations 
with heatlei replacement mechanism foi difft'rent input powt'i levels 




1’i^.um* 1 2- S M i \s. Ntunbei of Rotations wilh and without headei replace- 

ment mechanism I’m dilfeient input powei levels 



Ki^ure mid: ( hit put Rower vs Number of Rotations for loop with and without 
header replneement mechanism for different input power levels 
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I--,.,,,,,. | )• SMI \s Numbei ul' Rotations leu loop with and without lioadei 
teplacetuoul uu'olmnisni For different mpul powoi levels 


Output Power, ASE/CT Noise and SNR vs. Input Power 
( ; i ;ip)ts li mu Figme 5 15 to Figure 5 24 ate of this kind 
1'iguie 5 15 and 5.10 shows that output powoi levels of the loop with and 
Without hendei leplaeemont meelmuism does not vaiv much with the < hango 
in the input pnwei (o!>\ umsly it is the ease after 5. 10. oi 20 rotations In 
tin 1 initial lew lotalions it varies signilieantly for difieiont input poweis as 
indicated In !• igure 5.!) and Figure 5.13) But it changes veiysignific ant lvfoi 
change in the minihei of the channels. Alsofoi loop with lieadei leplaienient 
hum hauistu t lie out put power 5 : .--faster The same was also < oik luded 
from Figute 5.0 and Figure o.M 

Kin,,,,. 1 7 ami 1-iRim. 5.1* shows that the SNB vanes mote siguifieimtly 

r„l tin 1 ehniigo m inpiK pmvev Willi less umtlbel of ehauliels It Unpix-ns. 
he, a, ISO r«,l- less immhor of ellimtiols, Uie dmease III ASE noise with UK tease 

nr mpul pimei is These hRUies also shows that, lei lease in SNR mill 

ineiense in nmnlier of mlaltmis is mine fot loop with heatle, ieplaieme.it 
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•20 -IS -10 

Input Powei (dBm) 


1«ij»uic» o, 1 :>• < )ut put power vs Input powoi Ibi loop with lioadui xeplac tumult 
mechanism lot dilleront channels and rotations 



Kigmi' Oulpul !’ow<n vs Input, Power for loop without 1 km(Im lepUe- 
UK'ut liuvliiuiism lor diifw'ut munlx'i of lot atoms 
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mechanism Mho the loop with hoadei ic'placenic'iit mechanism can't be 
used to st 01 (* ") packets foi o 01 moic lotations 



Killin' o 17 SMI vs Input, Powei foi loo]> with hoadei K'plac omont met ha- 
nism (m < hf lt*i (*ut numbei of (hamiols and iota turns 

Figute o 1!) and Figure' o 20 shows that output powei level changes sigmf- 
i< ant 1\ with KDFA length Also for smallei EDFA lengths (and less nuuibt'i 
ol rotations) the output, powoi level changes nioie with the (hange m input 
])owt'i It happens snnplv because of the fact that foi smallei EDFA length, 
its gain is low. Figuio 5 21 and Figure' 5 22 shows that ASE noise 1 fen le>e>p 
with he'adei le'plnee'tw'iit liK'cliamsin is laigeu and it decieases with me rease' 
in input powoi But t he 1 iat.0 of dee rease of ASE noise with me lease in input 
powe*r is more' for less number of lotations It is due to fact that some ne*w 
ASF noise 1 is added aften each rotation These figures also show that ele-e lease 1 
of ASF noise 1 w ith mc-iease m input powei is less ten loop with heaclen ic'placc'- 
nie'iit uK’chanisin than I, hat foi loop without he'adei ic'plae emeut me'chauisni. 
It is so be'e a use* the' loss in the loop with lieadei replacement mechanism is 
nioie 1 and lii'tice' the 1 g<un and ASE noise of loop s c oinpone'iits is nioie 
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Killin' 

nnisni 


r ’ SNH VS Il,put pmvw for lo °P without hoadei iepla< ement mci 
loi difloient ( hannels and rotations 


h- 



I 'idlin' 5.1!) Output pom vs Input Powoi loi loop with lieadoi leplamneni 
mechanism for different, EDFA lengths and lotations 
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Figuie o 20 output powei vs Input Powei foi loop without lieadei lephue- 
mont mechanism (oi different EDFA lengths and lotations 



FigtiK 1 r» 2 1 • ASE noise vs Input Powei foi loop with hoadoi lophuoment 
mechmusni foi different EDFA lengths and rotations 
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Figure a. 22 \SE noise vs Input Powoi foi loop without headoi iepla< einont 
mechanism loi (hII('K'nt EDFA lengths and lolations 

Figme •') *_?-■> and Figme o 21 shows that SNR m< leases signihianth with 
uk lease in input pmvei It. dec lenses with m< lease in nunibei ol lotations and 
meieasc's with mn ease m EDFA length The ('fleet of numboi of lotations 
is pioininent <it liighei input powei and the effect of EDFA length is pionn- 
nent <d lowei input powei (It is mote so fm loop with headoi leplacomenl 
mc'chauisni). It is because of more gam of EDFA at lowei input powei 

Output Power, ASE/CT Noise and SNR vs. EDFA length 

Kigui c •V2.'i shows tlmt output powei aftcu 1 lotations mcic»ases with ED- 
FA length This ('fleet is 111010 pioiiiiuc'iit foi the loop with header leplace- 
nic'iit mechanism. It is due to more loss in the loop Also as the EDFA length 
inc leases the output powei foi diffident input powers bee onies appioxnnatelv 
same Figure a 2(i shows that tlio me least' of ASE noise with EDFA length is 
also fastei foi loop with ht'adei rc'plac enient mechanism The ic'ason foi this 
is again more 1 loss in loop with headoi loplacomout mc'chamsm Figme 7 27 
shows that foi loop with ht'adei replacement mechanism the ciosstalk noise 
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I" igui c .) 2.J SNR vs Input Powei loi loop with Headei ieplat oment 
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Fistin' 5 2-1 SNR vs Input Powei for loop without headei leplacement 
lnt'rhanisin lot EDFA lengths and rotations 
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becomes appioxunatelv same as EDFA length increases while ASE noise ie- 
mams sigmln anth diifeieni It is so bet ansa ciosstalk noise is a duet t lesnlt 
of out pul powei and output powei becomes appioxnnateh same as EDFA 
length UK l («ases 



Figuie b 2’) Output powei vs EDFA length foi loop with and without 
header leplacement mediamsm foi diffeieut input poweis 

Figure b 2H shows that, SNR remains difieient, mespet tive oi EDFA length 
foi both last's 1 e for loop with and without header replacement mechams- 
in This eflect is due to ASE noise (bet ause even m the loop with headei 
l ('placement mechanism ASE noise remains dominant over ciosstalk noise, 
refei to Figuie b 27). Since 1 SNR remains more 1 than 10, the loops can be 
list'd with any EDFA length moie than b meters 

h'igme b 2!) shows that output power level after 10 rotations an reases with 
FID FA lc'iigth but it, lemams saini 1 for different input poweis u/ -10 dBm. 
-lb dBw and -20 dBm At the same tunc 1 one can obseive from Figuie 
b 30 t.hat, the 1 SNR lemains different even though it, also mcieases with EDFA 
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Filin' o 2(r ASK noiK(' vs EDFA length for loop with and without lieadei 
i ('placement mechanism foi diffeient input poweis 



Figun' o.27 ASK noise and Ciosstalk noise vs. EDFA length foi loop with 
ln'adei K'plai cment nieclianisni for diHeient input, poweis 
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b lgure .') 28 SXH vs EDFA length foi loop with and without headei leplac o- 
iiK'iil mechanism foi different, input ])ow('is. 

len^t h \gam 1 his is duo to e'ffe'ct of ASE noise 

Kikuio ■).'’) 1 shows that as the nuinboi of chaunols 111 c leases the output 
power don eases and effect of EDFA length becomes signifu ant It is basu all\ 
due 1 lo moie loss in the loop This effect is cleailv visible foi the ease of 
tliieo channels in the loop with and without headei replacement mechanism 
b lgme o 32 shows that, foi large' number of channels the SNR is verv low and 
in case 1 of loop with heviele'r leplaeement mechanism even the laigen EDFA 
length does not make' enough eompeiisatiem feu losses Hence' the loop with 
heade'i leplae-ememt nu'chaiiism can’t be used foi 5 <>i moie channels 

5.3.2.2 When Input Power to all Channels is Different. 

Craphs from Figme 5 33 to Figure 5 3G aie nuclei this eategoiv 

Figure' 3 33 shows the 1 output, powei vs nunibei of lotatmns wlieui dif- 
fe'K'ut powei is se'nt to eliffc'K'ut channels II shows that m this ease' also 
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Figui <> 2d ( )ul put Powei vs EDFA length foi loop with and without headei 
replacement mechanism foi different input powcis 



Kij.UK' 5.30: SNR vs EDFA length foi loop with and without lieadoi leplave- 
HK'Ut mechanism for diffeient input poweis 
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Output Power* dBm i 



I’’i]L»m<* •” •'> I < )ut put powoi vs EDFA lengt.li foi loop with and without lioadei 
replacement mechanism foi different liuinbc'i of channels 



luguie lYl SXH vs. EDFA length foi loop with and without lieadei le- 
placemi'nt niechanisin fox diffeieut nuinbei of ( liaiinels 
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(he output powei t oiid to couvoige at same 1 level It is easih visible foi the 
loop without ho, ulei replacement mechanism Obviously, due 1 to moie loss 
th<’ output powei h'vel in case of loop with lieadei replaceinent met lianism 
is lowei than that loi loop without lieadei leplacenient mechanism Figiue 
o • > 1 also shows that the ASE noise for the channel with less input powei 
is moie It is due to moie gam and hence moie ASE noise of SOA Aftoi 
lew rotations the ASE noise fox loop with lieadei replacement mechanism 
ltec omes mote than that for loop without lieadei leplacement mechanism In 
t he initial rotations lor —20 (IBni input powei the ASE noise* is moie foi loop 
without headc'i ic*plac ement mechanism than that foi loop with leplacement 
nice hanisin. The ic'ason foi this is that when sum of poweis of all channels 
is input to KDEA, the* effective gam foi the channel of least powei is vei\ 
small. Thus the channel of least power is amplified effectivelv onlv In SOA 
wliic h compensates dillerent losses m the loop —20 dBni is the* least powei 
among all the channels line As a lesult the signal lemams veiv low and 
large* ASK noise* is produced every time, and thus ASE noise feu this channel 
rises verv fast lint aftoi few iota turns the ASE noise foi loop with lieadei 
replacement me< lianism becomes moie 

Kiguie •”).:!•') shows that, ciosstalk noise* is quite less than ASE noise* foi 
different < hanuels of loop with lieadei leplacement mechanism It is because* 
of the* significant loss m the loop Also foi channel m which input powei is 
least (channel 1). the ASE noise is highest, and ciosstalk noise is lowest It 
is something expected as pel the explanations given eaihei 

Figme 5. hi shows that, SNR foi channels with moie input powei is moie 
( )bviouslv SNR is move* foi loop without lieadei leplacement mec hauism than 
that foi loop with header replacement, mechanism Cleailv if input powei of 
,i channel is too low then it, can’t lie used m loop 
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0 2 4 6 8 ]() 12 14 16 18 20 

Numbci ol Rotations 


Figure -1 33 • ( )utput, powei vs Numbei of total, ions fot loop with and without 
header leplaceinent mechanism for diffoient. liiptit, powei to channels 



Finnic ') 34 A.SE noise vs Number of lotation for loop with and without 
hoaclei repla< ement inechanisin foi diffeient input, poweis to channels. 
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0 2 4 6 8 10 12 14 16 IK 20 

Numbci ol Rotations s - 

Figaro \SK noise and Ciosst.alk noise vs uuniboi of iota turns foi loop 

with lioadoi n'plat ('intuit nu'cliamsm foi diffeient input, powei to channels 



Figure 5.3b. SNH vs Nuinboi of lotations foi loop with and without lieadei 
roplactunont mechanism foi diffoient input powei to channels. 
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5.4 Conclusion 


This woik ]>i ()|)oK(’K a (If, sign t.o cany out headei leplac fnifiit within an all- 
optic al packet switch A WDM optical switch based on fiboi loop memon 
Inis l)('('ii eonsulcied toi this puipose The header 1 (‘placement is done by 
using two SO \s m parallel foi which a special design of ATM tell hawng 
< out muons wave* as well as guard band is taken The gain and noise anahsis 
of tin 1 switch with and without headei leplac ement mechanism has been 

tallied out using mathematical models 

\s discussed in pievums Section, the* peifoimaiico of the loop with headei 
replacement nice hanisni is poor than that of loop without headei leplac ement 
mechanism But the loop with header 1 (‘placement mechanism can be used 
wit lioul am problem foi 2. 3 ox 4 channels In general, moio than 3 oi 4 
total ions aie not. needed for the switch based on FOLM Hence proposed 
design can be* used suitably not onlv foi 2 3 oi 4 channels but also foi ’> 
channels The advantage of tins design is economical in tennis of saving of 
one S( )A foi eac h c liaimel The loss is m teams of c ornplcx coutiol niechamsni 
Us„ theie is no saving in tonus of time Since every cell will have to make 
at least one ic.talioii the cells in the proposed design will get delayed bv the* 
duration of one < ell. While* in case of sepaiate headei replacement mechanism 
1 }„. debit would be less (equal to that of duration of guard ling and headei) 


5.5 Future work 

\s extension of tins work, the tuning analysis and development of electronic 
< ontrol of the* pioposod dc'sign can be done Also some assumptions winch 
<U( . made m « omputational analysis c an be* done awav with Most, important 
<UU()U g them is the assumption that packets are input to different channels 
simultaneously and taken out simultaneously Computational analysis can 
be done fen the case when packet to different channels aie input at different 
slots and taken out at different slots Also the loss and crosstalk noise due 
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to WDM delimit, lplexei can be 111c oipoiated 

\s lurlhci c\t ciiKion of the above pioblem the computational analvsi.s can 
lx 1 done loi several switch connected m succession In fact while developing 
the computational model (softwaie piogiam) foi this thesis weak. this issue 
was considered and the developed model can be easilv extended foi switches 
connected in succession 
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